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Introduction 

Bioaccumulation and biomagnification of toxic contaminants in aquatic ecosystems could potentially 

increase the risk in higher trophic level organisms including human, relative to organisms occupying 

lower trophic positions. In this regard, some brominated flame retardants (BFRs), such as polybrominated 

diphenyl ethers (PBDEs) and hexabromocyclododecane (HBCDs) which are used in various household 

products, have been of concern due to their highly toxic, persistent and bioaccumulative nature. Recently, 

estimation of contaminant biomagnification through a food web has become advanced by using stable 

isotope ratios of bio-elements (Hoekstra et al., 2003; Muir et al., 2003). For example, stable nitrogen (N) 

isotopes have been used as a trophic-position indicator and to estimate the biomagnification potential of 

lipophilic contaminants in diverse ecosystems. The ratio of 
15

N to 
14

N (in biological tissues relative to air), 

which are expressed as delta-
15

N (
15

N) in tissue typically increases consistently by 3.4%-3.6% with each 

trophic transfer, because 
15

N is retained from the food resource relative to 
14

N.  Since concentrations of 

biomagnifying contaminants also increase with trophic position, there will be a significant relationship 

between the biomagnifying compounds with increasing 
15

N values in biota; therefore linear-regression 

slopes can be used to predict contaminants behavior within food webs. The present study aims at 

investigating the levels of BFRs and stable isotopes of N and Carbon (C) in various trophic level 

organisms representing food chain models from Jakarta Bay, to understand the accumulation dynamics of 

these compounds in tropical aquatic ecosystems. 

 

Materials and Methods 

Samples 

Sampling was conducted in Jakarta Bay, Indonesia using several catching methods by local fishermen 

during August 2007. Particulate organic matter (POM) and a total of 88 specimens belonging to 15 species 

of marine biota were analyzed in this study, including, zooplankton, green mussels, crab, shrimp and 

various fish species such as smudgepot spinefoot, Java spinefoot, patterned tongue sole, northern sand 

flathead, sailfin catfish, moses perch, large-toothed flounder, diamond trevally, black-edged conger, and 

giant seaspike. In the laboratory, the samples were kept frozen in environmental specimen bank (es-

BANK) of Ehime University at −20 °C until dissection and chemical analyses.  Table 1 shows the biota 

samples used in the present study. 

 

Chemical Analysis 

PBDEs (BDE-3, -15, -28, -47, -99, -100, -153, -154, -183, -196, -197, -206, -207 and -209) and HBCDs 

(α-, β- and γ-HBCD) were analyzed in representative samples following the methods described by 
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Toyoshima et al. (2009). Briefly, freeze dried samples were ground with anhydrous sodium sulfate. After 

spiking with labeled PBDEs  (
13

C12-BDE-3, -15, -28, -47, -99, -153, -154, -183, -197, -207 and -209) and 

HBCD (α-, β- and γ-
13

C12-HBCD) as surrogate standards, the samples were extracted with hexane/acetone 

(1/1, v/v) using accelerated solvent extractor (ASE 100, Mitsubishi). The extracted sample was then 

subjected to gel permeation chromatography (GPC) for lipid removal. The GPC extract was further 

purified and fractionated by silica gel chromatography (1
st
 fraction contains PBDEs and 2

nd
 fraction 

contains HBCDs). A known amount of internal standard (
13

C12-labeled BDE-139 for PBDEs and 

deuterized HBCD (α-, β- and γ-HBCD-d18) for HBCDs) was added prior to instrumental analysis. 

Quantification of PBDEs was carried out by gas chromatography with a mass spectrometry detector (GC-

MS) in the negative chemical ionization mode, and liquid chromatography with tandem mass 

spectrometry detector (LC-MS-MS) using electrospray ionization for the isomeric composition of HBCDs. 

 

Stable N and C isotopes were determined using the procedure described by Toyoshima et al. (2009). 

Briefly, few mg samples were dried for 24 h at 60 °C, ground to a powder and then immersed in 

chloroform: methanol (2:1) solution for 24 h to remove lipids. The ratios of stable carbon and nitrogen 

isotopes were analyzed using a gas chromatography-combustion-isotope ratio mass spectrometer (GC–C-

IRMS) (PDZ Europa Ltd. ANCA-SL), and presented as per thousand deviations from the standards, 

calculated as δ
13

C and δ
15

N by the following equation:  
 

δX (‰) = (Rsample/Rstandard−1) × 1000,  
 

Where X is 
13

C or 
15

N, and R is the corresponding ratio 
13

C/
12

C or 
15

N/
14

N. Pee Dee Belemnite (PDB) 

limestone carbonate and atmospheric nitrogen (N2) were used as the standards for C and N isotope ratios, 

respectively.  

 

Food Web Characterization 

Trophic level (TL) of a given organism in Jakarta Bay (TLconsumer) was determined relative to primary 

consumer which is assumed to have trophic level of 2 by using the following equation (Fisk et al., 1998): 
 

TLconsumer=2+(δ
15

Nconsumer−δ
15

Nprimary consumer)/3.8 
 

Where 3.8 is the isotopic enrichment factor and δ
15

Nprimary consumer is assumed to be the δ
15

N value for 

zooplankton as primary consumer. In the present study, data of δ
15

N planktonic isopod crustacean 

(Asellota) was used for δ
15

Nzooplankton.  

 

Trophic magnification factors (TMFs), which are the markers of cumulative bioaccumulation processes 

across the food web were determined from the log-linear regression between the base-10 logarithm (log10) 

of the lipid equivalent concentration in biota (CB) and trophic level (TL): 
 

 Log CB =  (m x TL) + b 
 

Where m and b are the empirical slope and y-intercept, respectively. TMFs were calculated as the antilog 

of the slope (m), (i.e., TMF=10
m
).  

 

Results and Discussion 

Analysis of stable N and C isotopes illustrates the biota representing trophic levels within Jakarta Bay 

food web as an increase in δ
15

N values from zooplankton to pelagic fish (Figure 1 and Table 1). In this 

study, the planktonic isopod crustacean (Asellota) which had an average δ
15

N of 6.0‰, were assumed as 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V74-4RYXSK6-1&_user=5560143&_coverDate=05%2F31%2F2008&_rdoc=1&_fmt=full&_orig=search&_cdi=5832&_sort=d&_docanchor=&view=c&_acct=C000018978&_version=1&_urlVersion=0&_userid=5560143&md5=a458aa9cd86f06bd4deb0d47db7ee7b3#bib23
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6V78-4SP49T5-1&_mathId=mml2&_user=5560143&_cdi=5836&_rdoc=1&_acct=C000018978&_version=1&_userid=5560143&md5=eedb994ceadb6110dd17d2c713fe7b27


3 

 

Table 1. Concentrations of BFRs, stable nitrogen and carbon isotope values (mean ± standard 

deviation) and derived trophic level (TL) of Jakarta Bay marine biota. 

Sample Biota n Fat (%) δ13C (‰) δ15N (‰) TL PBDEs (ng/g lw)  HBCDs (ng/g lw)  

POM 3 na -19.3±0.83 5.1±1.0 1.8±0.27  na na  

Zooplankton 1* na -19.7 6.0 2.0  na na 

Green mussel 3* 1.9±0.37 -15.0±0.15 8.2±0.77 2.6±0.20 11±1.4 4.1±1.4 

Shrimp 3* 0.59 -14.6±0.17 9.4±2.0 2.9±0.56 1.6 nd 

Crab 3* 0.79 -13.9±0.13 12.6±0.36 3.7±0.09  20 nd 

Smudgepot spinefoot 5 2.8±1.3 -14.6±0.30 11.1±0.46 3.3±0.12 10±1.7 0.22±0.28 

Java spinefoot 5 3.0±0.61 -14.0±0.31 13.1±0.48 3.9±0.13 13±1.2 2.8±3.5 

Sailfin catfish 3 1.7±1.2 -13.6±0.23 13.4±0.38 4.0±0.10 9.1±2.7 1.7±2.1 

Little jewfish 7 1.1±0.36 -13.9±0.55 15.0±0.48 4.4±0.13 16±4.4 0.76±0.74 

Northern sand flathead 3 0.53±0.25 -14.4±0.28 13.4±0.58 3.9±0.15  15±9.3 0.07±0.07 

Large-toothed flounder 2 0.79±0.36 -15.6±0.53 14.4±1.1 4.2±0.28  23±10  nd 

Moses Perch 8 0.88±0.38 -13.9±0.46 14.5±1.1 4.2±0.29 12±0.35 0.87±1.2 

Patterned tongue sole 1* 0.82 -14.1 11.2 3.7 22 0.05 

Diamond trevally 1* 0.66 -14.2 14.8 4.3  8.2 nd 

Black-edged conger 1* 1.37 -15.2 15.3 4.4  12 nd 

Giant seapike 1* 0.32 -13.9 16.7 4.8  57 0.14 

Note: n= number of individual, *pooled samples, PBDEs= total PBDEs from mono- to deca-BDE, HBCDs= total HBCDs, na= not 

available, nd= below detection limit. 

the primary consumer with TL = 2.0. The δ
15

N for 

mussels, shrimps, smudgepot spinefoot, sole and 

crab (average TLs of 2.6, 2.9, 3.3, 3.7 and 3.7, 

respectively) indicated that they were the secondary 

consumers. Some similar feeding habit species such 

as Java spinefoot showed comparatively higher 

δ
15

N values than smudgepot spinefoot of the same 

genus, possibly due to their occasional feeding of 

organisms of upper trophic levels. Other fish such 

as catfish, flathead, perch, trevally, little jewfish, 

conger, etc. occupied trophic levels intermediate 

between 3.9 and 4.5, suggesting that they were 

some of the top predators in this web and their diets 

most likely were a mix of fishes and other species.  

In the present study, giant seaspike which had the 

highest δ
15

N value (16.7 ‰) was considered as the 

most top predator in this food web structure with a 

trophic level of 4.8.  

 

PBDEs and HBCDs were detected in the samples of the present study with varying concentrations, 

ranging from 1.6–57 ng/g lipid wt. and nd−4.1 ng/g lipid wt., respectively (Table 1). The large variation in 

concentrations, particularly for PBDEs seems to be related to different trophic levels of fish species. For 

instance, as shown in Figure 2, significant increase in the lipid-normalized concentrations of total PBDEs 

with increasing trophic level was found, and this indicates biomagnification of PBDEs in the aquatic food 

2.5

6

9.5

13

16.5

20

-25 -20 -15 -10 -5


-1

5
N

 (
o
/ o

o
)

-13C (o/oo)

Mussel

Shrimp

G. seapike

L. jewfish

Catfish

Crab

Perch

Sole

Flathead

Flounder

Conger

J. Spinefoot

S. Spinefoot

D. trevally

POM

Zooplankton

 

Figure 1.  Food web structure of coastal organisms at 

Jakarta Bay based on δ
15

N and δ
13

C map. 



4 

 

web, with higher trophic organisms having relatively 

higher concentrations. In this study, the TMF values 

for PBDEs ranged from 0.69 to 3.0 and HBCDs ranged 

from 0.30-0.57 (data not shown). Among the 

compounds analyzed, only BDE-47 (1.9), BDE-100 

(1.8) and PBDEs (1.7) having TMF values 

significantly greater than one (p<0.05), showed 

evidence of biomagnification in Jakarta Bay food web. 

Other BDEs and HBCDs including BDEs-15, -183, -

196, -197, -206, -207 and -209, and -, - and -

HBCD were observed to have trophic dilution 

(TMFs<1) with BDE-15, -206 and -209 showing 

significant TMF/trophic dilution value (p<0.05). There 

are not many studies on biomagnification of BFRs in 

coastal food web, particularly for HBCDs. The TMF of 

PBDEs in Jakarta Bay was generally lower than those 

from Lake Winnipeg (1.5–5.2; Law et al., 2006) and Bohai Bay food webs (1.6–7.2; Wan et al., 2008), 

similar with freshwater food web from China (0.26-4.47; Wu et al., 2008), but were higher than the values 

from Canadian Arctic food web (0.8–1.6; Kelly et al., 2008).  The variation of TMFs among the studies 

may be due to different PBDE levels in the organisms, different environmental conditions (e.g., water 

temperature) and different food web compositions between these food webs (Wu et al., 2008).  
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Figure 2.  Relationship between PBDEs concentra-

tions and trophic levels of biota from 

Jakarta Bay.  
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